Phomopsis leptostromiformis (Kuhn) Bubak ex Lind is a parasite of field lupins, especially Lupinus luteus. It also grows saprophytically on dead plants of this and other species such as L. albus and L. angustifolius. In South Africa, this fungus was found to be the cause of ovine lupinosis, a mycotoxic liver disease in sheep resulting from ingestion of infected lupin hay or stubble (10) . In Australia, the cause of lupinosis in mice and sheep was identified as Phomopsis rossiana (Sacc.) Sacc. et D. Sacc. (3, 11) , which was shown later to be synonymous with P. leptostromiformis (9) . Diseases Initially, cultures were grown on 100-ml volumes of medium in 1-liter Erlenmeyer flasks. Later, in order that effects of various ratios of surface area to volume could be more easily studied and controlled, a 500-nd cylindrical bottle was used as the standard culture vessel. Absorbent cotton plugs were used throughout.
All cultures were incubated at 250C unless otherwise stated.
Extraction and assay of phomopsin. Mycelial felts were macerated in their culture fluids, and the suspensions were brought to pH 8.5 to 9.0 with dilute NaOH and stored at 3 to 5°C overnight. Mycelium was then removed by filtration, and the filtrate was adjusted to pH 7.3 to 7.5 with dilute HCI and brought to the same volume as that of the original medium. Phomopsin was recovered from 25 ml of each filtrate by passage through a column (ca. 15-ml bed volume) of polystyrene beads (Amberlite XAD-2). The column was then washed with 10 bed volumes of distilled water, and the toxin was eluted with a similar volume of methanol. The eluate was taken to dryness on a rotary evaporator, and the residue was taken up in 200 p1 of electrophoresis buffer (sodium borate, pH 9.2).
The samples were serially diluted and subjected to paper electrophoresis by a modification of the method described by Culvenor et al. (1) . Whatman no. 4 paper strips impregnated with borate buffer (pH 9.2) were used, and electrophoresis was allowed to proceed for 15 min at 70 V/cm. Papers were dried at 1000C and viewed in the light of an ultraviolet lamp emitting at 254 nm. Quantitation was obtained by an adaptation of a method used for pyrrolizidine alkaloids (2) and consisted of comparing the highest dilution detectable visually for both standard solutions and unknowns.
At the outset of this investigation, culture metabolites identified as phomopsin by electrophoretic mobility were eluted from pherograms, and their identity was confirmed by a nursling rat assay (5). Crystalline phomopsin was prepared from liquid cultures by a modification of the method described by Culvenor et al. for the isolation of phomopsins from lupin seed culture extracts (1) . Culture filtrate (ca. 10 liters) at pH 6.0 to 8.0 was applied to a 10-cm-diameter column containing polystyrene beads (Amberlite XAD-2; 1,500 g). After washing with distilled water (2 liters), phomopsin-containing material was eluted with methanol (6 liters). The methanol eluate was evaporated to dryness under vacuum at 400C, and the residue, in aqueous solution brought to pH 7.5 to 8.0 with dilute aqueous sodium hydroxide, was applied to a 5.5-cmdiameter column containing polystyrene beads (800 g). After washing with water (2 liters) and watermethanol (60:40; 2 liters), methanol elution (4 liters) gave phomopsin of 35 to 50% purity. Crystallization from tetrahydrofuran-water (10:1) gave phomopsin as fine, colorless prisms.
Carbohydrate determination. Anthrone-reactive soluble carbohydrate was determined in culture fluids by the method of Trevelyan and Harrison (7), using sucrose as a reference standard.
RESULTS
Inoculum. No significant differences were observed between cultures from vegetative and pycnidiospore inocula with regard to either growth or phomopsin A production. Colonies grown on PDYA for 14 days and then stored at 3 to 5°C for up to 8 months provided satisfactory inocula for both growth and toxin production. Equally good results were obtained with freshly prepared and frozen suspensions of pycnidiospores. Small volumes of these suspensions dried on filter paper disks were a convenient form of inoculum for some work, but spore viability on these disks was limited to a few weeks.
Growth and phomopsin A formation in various media. Only moderate growth of P.
leptostromiformis WA1515 was obtained in the CD medium with incomplete surface felt formation, and no phomopsin was detected in these cultures, even after 6 weeks of incubation. The detection limit of the assay used was ca. 5 ,ug/ ml. Somewhat better growth occurred in Raulin and Thom medium (6) and a glucose-mineral salts-asparagine medium. Extracts of these latter two cultures were feebly hepatotoxic for mice, but the presence of phomopsin A was not confirmed.
Growth of P. leptostromiformis was greatly improved when CD medium was supplemented with 5 of phomopsin A production, up to 112 mg/liter. In contrast, neither a mixture of the 18 principal amino acids in casein nor a commercial vitaminfree Casamino Acids preparation produced good growth of the fungus or significant yields of the toxin when they were added to CD medium. In CDY5 medium after 5 weeks of incubation, the toxin concentration increased linearly with increasing sucrose content between the limits of 2.5 and 10 g/liter. Above 10 g/liter, increasing content of sucrose, yeast extract, or both had no effect on toxin yield.
In CDY5 medium, the maximum yields of phomopsin A were achieved under the following conditions: medium, pH 6.0; incubation temperature, 250C; sucrose, 10 g/liter; and NaNO3, 2 g/ liter. Phomopsin accumulation decreased sharply above 250C and ceased at 300C. Essentially the same concentration of the toxin was attained at 200C as at 250C but required an increase of about 25% in incubation time. The pH response curve for phomopsin formation was almost flat between pH 5.2 and 6.2, but none of the toxin accumulated when the initial pH of the medium was outside the range 4.0 to 7.0.
Arabinose, fructose, glucose, lactose, and mannitol gave approximately the same yields of phomopsin A as did sucrose when all were used at a concentration of 10 g/liter. Other carbohydrates were not tested.
Most of the phomopsin A formed was found in the culture fluid, not more than 5% of the total in any one culture being present in the mycelium.
No phomopsin A accumulated in shaken cultures in CDY5 medium incubated at 250C for 28 days, although the fungus grew readily under these conditions. Time course of phomopsin A formation in static culture. The changes in weight of mycelium, soluble carbohydrate, pH, and phomopsin A content when P. leptostromiformis was cultured at 250C in 100-ml volumes of CDY medium with 7.5 g of yeast extract per liter added are shown in Fig. 1 .
Fungal growth proceeded steadily during the first 14 days, after which the dry weight of the felt decreased slowly for the remainder of the incubation period. Mycelial development was accompanied by a sustained fall in presumptive sucrose concentration which reached a minimum of 0.05 g/liter a few days after growth ceased. Medium pH fell about 1 unit during week 1 and then rose steadily until it was about 0.5 unit above the initial level after 3 weeks of incubation. Thereafter it remained virtually constant. Phomopsin A accumulated only during the period of decreasing mycelial weight. Both pycnidiospore and vegetative inocula gave essentially identical fermentation patterns.
Phomopsin A production in larger-volume cultures. In an experiment using volumes of medium from 50 to 250 ml in identical bottles, the concentration of phomopsin after 5 to 6 weeks of incubation was found to be much lower in cultures greater than 100 ml in volume, i.e., when the depth of medium was more than 2 to 2.5 cm. An attempt was made to overcome this problem in cultures of up to (1) .
